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The increasing use of pesticides demands a world-wide control of residue levels in
food and the environment. However, pesticide residue analysis is challenging and
needs both experience and instrumentation. Although much can be done with fairly
simple means (Åkerblom and Cox 1996), many countries with limited resources can
only perform certain analyses. Also in technologically more advanced counties,
different laboratories may specialise in certain kinds of analyses. There is also a
need to confirm results with an exchange of samples between laboratories. There
are usually several technical difficulties connected with the transport of pesticide
samples, in addition to the risk of transmission of pests and diseases and related
customs control. Currently, frozen samples are sent in insulated containers with dry
ice to keep the samples in intact condition. When possible, there are large costs for
the transport of heavy packages, and delay in customs may lead to destruction of the
samples. In many areas of the world this procedure is not feasible at all.
A way to circumvent these difficulties is presented here. Even if a laboratory lacks
the basic requirements to purchase, run and maintain instrumentation to analyse
pesticide residues, there are often possibilities to extract the pesticide samples. The
extracts are taken to dryness in the presence of a ‘keeper’ substance, and the
residues can then be sent in apparently empty glass vials. The use of keepers is well
known in residue analysis: a small amount of the keeper, a high boiling compound
which dissolves the pesticides, is added to an extract before evaporation of the
solvent to avoid loss of volatile compounds. Thus, Thornburg (1963) suggests the
use of ethylene glycol, stearic acid, or white oil as keeper, Baumgarten and Pfrang
(1989) have investigated the use of dodecane to reduce loss of organochlorine
compounds on evaporation, and Albro et al. (1984) used propylene glycol to reduce
losses of dibenzo-p-dioxines and dibenzofurans. The natural waxes of pine needles
on growing pine trees retain organochlorine compounds sufficiently to be used as
sampling medium (Kylin et al. 1994).
We have investigated the use of polyethylene glycol as a keeper at harsh conditions,
for up to three weeks at 44°C. This was done to find out whether the residues
remain in the vials at simulated transport conditions. In all 64 pesticides were tested.
Correspondence to: M. ÅkerblomMATERIALS AND METHODS
Gas chromatographic analyses were performed according to Andersson and Ohlin
(1986), on Hewlett-Packard 5890 gas chromatographs, one equipped with two 
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electron capture detectors (ECD), one with two nitrogen-phosphorus detectors
(NPD). Typical columns used were SE-30 (Quadrex) and OV-1701 (J&W
Scientific) with dimensions of 25 m x 0.25 mm id (0.25 µm film thickness). The
following conditions were used: splitless injection, 60 sec; carrier gas, nitrogen,
injector temperature 25°C, detector temperature 300°C. The oven temperature was
held at 90°C for 1 min, increased by 30°C/min to 180°C, increased by 4°C/min to
260°C, and held there for 25 min.
Chemicals were of analytical or pesticide grade. Pesticides had a purity of 98-100%
(Dr. Ehrenstorfer, GmbH). Standard solutions of the pesticides were prepared in
cyclohexane:acetone 9:1. The keeper, the polyethylene glycol Carbowax 20 M
®,
was used as a 10% solution in dichloromethane.
In a preliminary study four substances were tested, c.f. Table 1. A set of test tubes
was filled with 1 mL each of a standard solution of a mixture of these substances.
Keeper solution (100 µL) was added to half of the tubes. The solvent was
evaporated with a gentle stream of nitrogen. Half of the samples of each type were
evaporated just to dryness, and the others received nitrogen flow for another 15
min. To retrieve the pesticide the residue was dissolved in hexane (where Carbowax
is insoluble) in an ultrasonic bath till the wax had disappeared from the walls of the
tubes. The tubes were centrifuged, and the supernatant was analysed by gas
chromatography.
Next, two similar studies were made, both with the same basic set-up. All
experiments were run in duplicate. Four pesticide solutions, each containing 10 to
15 different pesticides, 0.2-0.4 µg/mL in cyclohexane:acetone 9:1, were prepared
(Table 2). An aliquot of 500 µL of these solutions was  drawn into 1.5 mL glass
vials (Varian, for GC auto sampler). Keeper solution (100 µL) was added. The
content of the vials was evaporated with a gentle stream of nitrogen; when the
solvent had disappeared, gas flow was allowed to run for 5 more minutes.
In the first of these studies, the glass vials were left open during storage. They were
kept in the dark at 22°C for 1 hour, 1 week and 3 weeks, respectively, and at 44°C
for 1 week and 3 weeks, respectively. In all 52 substances were tested. The residue
was dissolved in acetone (where Carbowax is barely soluble) and analysed as in the
preliminary study.
In the second study the vials were closed with Teflon
® lined screw caps during
storage. Another set-up of 52 substances was  studied under the following
conditions: First vials were kept in the dark at 44°C for 3 weeks. Then half of the
vials were opened at room temperature, and the residue dissolved as above. Half of
the vials were stored in a freezer at -18°C for 24 hr before they were opened and the
residue was dissolved.
Every sample was chromatographed twice on each of the two GC columns, and the
mean of the four results was calculated. Recoveries are expressed as percentage ofthe original amount added, and are rounded off to the closest 5%. When the
difference between the duplicates was >30%, both recoveries are shown (Table 2).
In the second study the standard error of recovery for each substance was
calculated.
RESULTS AND DISCUSSION
In the preliminary study the more volatile of the four substances showed larger
recovery with than without keeper (Table 1). This encouraged us to continue with a
larger set of substances.
In the following two studies, each comprising 52 substances, a total of 64
substances were examined (Table 2). The retention times of the pesticides on the
non-polar GC column SE-30 have been given as an indication of their relative
volatility. This gives a practical way of judging whether a given pesticide with
known retention time would be a candidate for this type of transport.In the first study 52 pesticides were tested with uncapped vials. The recovery of the
substances increased with increasing retention time and decreased with longer
duration of storage and higher temperatures. This is indicated in Figure 1,
representing 33 substances that were also run in the second study. Temperature wasFigure 1. Recovery (%, ordinate) of selected pesticides in relation to retention
time (min, abscissa) after given time at temperature indicated. Five trials with
uncapped vials, one trial with capped, frozen vials.Figure 2. Recoveries of the more volatile substances after 3W at 44°C, in non-frozen (open bars)
and frozen (solid bars) vials, respectively. The horizontal lines indicate ‘full’ recovery level and
‘acceptable’ level, respectively. Error bars represent standard deviation.
a more important factor than time. Out of the 52 substances, 42 were acceptably
(>=70%) recovered and 30 of these were well (>=90%) recovered after 1 week at
22°C, but only 23 were acceptably recovered after 3 weeks at 44°C.
Capped vials were used in the second study with additional substances. Included
were also 27 substances that did not work acceptably in the first study for 3 weeks
at 44°C. The recovery of 22 of these 27 substances rose to >=70%. For comparison
these results are presented in Figure 1. In order to condense substances that might
be volatilized in the vial, half of the vials were frozen before uncapping to add
solvent. The recoveries rose for the most volatile compounds and the results were
generally more reproducible when the vials were frozen before opening. This is
demonstrated in Figure 2 by selected substances giving large differences between
duplicates when not frozen. However, HCH- a and HCH- g (lindane) were lost to a
great extent by freezing. No explanation to this phenomenon has yet been found.
According to the results it would be, in many cases, possible to send pesticide
samples as evaporated extracts even in a hot climate. In the second study we noticed
that the recovery is much better when the vials are capped. In total we find that 56
out of 64 substances give recoveries of at least 70% after storage at 44°C for 3w.
These studies were made with pure standard solutions. Sample extracts may contain
compounds that will catalyse degradation of pesticides, although this is unlikely
when dissolved in a keeper. It is suggested that any extract - pesticide - keeper
combination is tested beforehand, and that with each set of samples sent there are
control samples fortified at different levels with the pesticide(s) sought.The results presented here clearly show that a much simplified method of transfer of
samples between laboratories is adequate, which enables monitoring of pesticide
residues in any part of the world.
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